Launaea taraxacifolia is a leafy vegetable of the family of Asteraceae (Compositae) found in several countries in West Africa including Ghana, Benin and Nigeria. The plant leaves are eaten either fresh as salad or cooked as sauces. They are also consumed as infusion to fight against several diseases including non-communicable diseases such as diabetes and hypertension. Several studies have been conducted in Ghana, Nigeria on the nutritional and medicinal values of this plant but no study has yet been conducted in Benin on the virtues of this plant. In this work we have achieved the phytochemical characterization and evaluated the cytotoxicity as well as hypolipidemic and antioxidant effects of the ethanol-aqueous extracts of Launaea taraxacifolia leaves. Cytotoxicity and hypolipidemic activities have been performed on HepG2 cells; the antioxidant effect has been performed on the PLB985 cells. The results showed that the ethanol-aqueous extracts of Launaea taraxacifolia leaves contained the following metabolites: catechic tannin, flavonoids, phenolic acids, mucilage and leucoanthocyanins. Only very high concentrations (>20 mg/ml) of leaves extracts are toxic for HepG2 cells. Launaea taraxacifolia leaves have significant antioxidant and hypolipidemic activities.
Introduction
Cardiovascular diseases and diabetes are the most common non-communicable diseases in the world. One third of the world population suffers from hypertension and one tenth suffers from diabetes; worldwide, three million and six million people die from hypertension and diabetes respectively a year. 80% of these deaths occur in low-income countries (Global Status Report on Non-Communicable Diseases, 2010). These diseases are caused by unbalanced diet and lack of physical exercise and affect more and more poor countries. The majority of patients in poor countries use medicinal plants to treat these diseases because modern medicine is too expensive. Cardiovascular diseases and diabetes could come from oxidative stress associated with hyperlipidemia. Indeed it has been shown that hyperlipidemia induces accumulation of fatty acids and triglycerides in the liver which causes liver steatosis and oxidative stress [1] [2] . Oxidative stress is the unbalance between reactive oxygen species (ROS) and antioxidant molecules which leads to cell disorder via the attack of macromolecules such as proteins, nucleic acids and lipids [3] . Hence oxidative stress could induce insulin resistance which would lead to type II diabetes [4] . Moreover hypercholesterolemia could induce the production of free radicals in the cells of vascular wall and could lead to cardiovascular diseases [5] - [7] .
Launaea taraxacifolia (L. taraxacifolia) is a leafy vegetable of the family Asteraceae (Compositae) that is present in several African countries including Ghana, Senegal, Benin and Nigeria where it is more known and domesticated [8] . It is ranked among the 10 most important neglected and underutilized plants in Benin and constitutes a high priority for research [9] [10] . L. taraxacifolia is a wild plant that grows singly or in clusters on rocky soil, banks, waste places. It also grows on small fields nearby homes for family consumption. The leaves are eaten fresh as a salad or cooked as sauces. The cooked form of the leaves is also sold by women on several West African countries markets mainly in Benin and Nigeria [8] - [10] . Apart from their use as a food, L. taraxacifolia leaves are widely used in the form of infusion for the treatment of several diseases. Antiviral effects, decreased cholesterol levels, regulation of dyslipidemia and regulation of blood pressure have been reported as virtues of the plant [10] - [13] . Studies on the nutritional value and phytochemical characterization of L. taraxacifolia performed in Nigeria and Ghana revealed that extracts of its leaves were rich in potassium, calcium, magnesium, ascorbic acid, tannins, and flavonoids [13] [14] . These compounds could be responsible for the hypolipidemic, hypoglycemic and antioxidant activities of the plants.
In this work we have achieved the phytochemical characterization of ethanol-aqueous extracts of Benin species of L. taraxacifolia leaves and evaluated its cytotoxicity, hypolipidemic and antioxidant properties in HepG2 and PLB985 cells lines.
Materials and Methods

Materials
2.1.1. Collection of L. taraxacifolia Plants L. taraxacifolia plants were collected in the month of May, 2014 from sakete in southern of Benin. A specimen was deposited in the National Herbarium of the Department of Botany, Abomey-Calavi University. Samples were dried in the shade at room temperature (25˚C) until stabilization of their mass and then pulverized into coarse powder.
Biological Materials
HepG2 cells were obtained from ATCC and PLB985 cells were obtained from Dr. Marie-José Stasia (University Hospital, Grenoble, France).
Reagents
Gallic acid, Butyl Hydroxy Anisole (BHA), quercetin and catechin were purchased from Sigma Chemical Co.
(St. Louis, MO) while 2,2-diphenyl-1-picrylhydrazyl (DPPH) and Folin-Ciocalteu reagent were obtained from Acros Organics (Morris Plains, NJ). All solvents used are analytical grad.
DMEM medium, oleic acids, oil red O, Phorbol Myristate Acetate, luminol were purchased from Sigma (France), RPMI 1640 was obtained from BioWhittaker, (Walkersville, MD, USA), MTS-PMS reagent was obtained from Promega (France).
Methods
L. taraxacifolia Leaves Extraction
All samples were ground in a commercial coffee grinder for extraction. The mixture ethanol-water 50% (v/v) was used as extraction solvent. The extract was concentrated in vacuo using a rota vapor and the yield (Y) was calculated by the formula below: [15] .
2) Coumarins The characterization of coumarins was made according to the method described by Rizk [16] .
3) Saponosides or saponins: Index foam
Two grams of dry and ground Sorghum caudatum were used to prepare a decoction with 100 mL of distilled water and submitted to boiling for 30 min, then the resulting solution was divided in 10 tubes: 1 mL, 2 mL, 3 mL, …, 10 mL of decoction. The content of each tube was adjusted to 10 mL with distilled water. The presence of saponins was confirmed by an index exceeding 100 [17] . A qualitative approach on methanolic extracts, prepared according to the method described for research of alkaloids, was done by TLC with AcOEt/MeOH/H 2 O (100:13.5:4) as solvent of migration, and was visualized with sulfuric vanillin.
4) Sterols and terpenes
The Sterol and terpenes were identified by Liebermann-Buchard reaction [17] .
5) Carotenoids and quinones
We carried out the characterization of: • carotenoids by the reaction of Carr and Price;
• free anthraquinones by the reaction of Bornträger [18] ;
• combined quinones (O-heteroside and C-heteroside) by methods of characterization usually used in our laboratory.
6) Polyphenols
The determination of phenolic compounds was made by the reaction of ferric chloride [19] . 7) Flavonoids Flavonoids identification was carried out by the test of cyanidin [20] .
8) Anthocyanins
To an infusion, we added 5 ml of 10% H 2 SO 4 and 5ml of 50% NH 4 OH. The appearance of a red color that turned purplish blue in basic medium indicates the presence of anthocyanins [21] .
9) Leuco-anthocyanins 0.5 ml of 12 N HCl was poured into 3 ml of hydro-alcoholic extract. The acidified solution was brought to boiling water bath for 30 minutes. After cooling, the appearance of a purplish red color indicated the presence of leuco-anthocyanins [19] . 10) Mucilages 1 ml of decoction 10% and 5 ml of ethyl ether were introduced in a test tube. After ten minutes, obtaining a flocculent precipitate indicated the presence of mucilages [21] .
Quantitative Analysis of Phenolic Compounds
Total polyphenols: The method of determination of total polyphenols consisted to use a mixture of phosphotungstic and phosphomolybdic acid which was reduced during the oxidation of phenols in the mixture of tungsten blue oxide and molybden [22] [23] . The absorbance was measured by a spectrophotometer (JENWAY 50/60 Hz) at 765 nm. Gallic acid was used as reference and the total polyphenol content in the extract was expressed in mg of gallic acid equivalents per gram of dry matter.
Total flavonoids: The method of aluminum trichloride (AlCl 3 ) was used to quantify the total flavonoids. This technique was based on the formation of the aluminum-flavonoids complex that had a maximum absorption at 500 nm [24] [25] .
Condensed tannins: condensed tannins dosing was achieved by using the method of vanillin sulfuric [26] . The principle of this assay was based on the binding of vanillin aldehyde group on the carbon in position 6 of the ring of the catechol to form a red colored complex chromophore which absorbs at 510 nm.
Cells Culture
HepG2 cells (hepatocellular carcinoma cell line) were cultured in 75 cm 2 polystyrene flasks with DMEM culture medium to which were added 10% FBS and 1% penicillin streptomycin at 37˚ under athmosphere of 5% CO 2 .
PLB985 cells are human leukemic cells that are capable of differentiating into neutrophils [27] . They were cultured in RPMI 1640 medium containing L-glutamine, penicillin, streptomycin and 10% FBS at 37˚ under athmosphere of 5% CO 2 . They were differentiated in the presence of 1.25% DMSO [28] .
Cytotoxicity
Cytotoxicity was performed by the MTS assay [29] , the protocol was described by Said et al. [30] . HepG2 cells were plated in 96-multiwell culture plates at 1 × 10 5 cells per well. After 24 hours the culture medium was replaced with new medium containing L. taraxacifolia leaves extracts at various concentrations from 1 mg/ml to 50 mg/ml. The cells were again incubated for 24 h. To determine the viability of the cells, the reagent (MTS-PMS) was added to each well. The plate is incubated for 2 h in the dark. The absorbance at 490 nm was read by a plate reader (Perkin Elmer, Walac 1420). The experiment was repeated 3 times. The percentage of viability was given by the formula:
Percentage viability Absorbance of treated cells absorbance of untreated cells 100. = × 2.2.6. Hypolipidemic Activity 1) Induction of lipid accumulation by oleic acid 10 5 HepG2 cells were plated on slides for 24 h in normal culture medium. After 24 hours the culture medium was replaced with either normal culture medium (negative control cells), culture medium without FBS containing 1 mM of oleic acid (positive control) or culture medium without FBS containing 1 mM of oleic acid and L. taraxacifolia leaves extracts at concentration of 20 mg/ml. The cells were again incubated for 24 h before lipid staining.
2) Stained with Oil Red O (ORO) The ORO is a lipid-soluble molecule that can color the lipids [31] , the protocol is well described by Cui et al. [32] . After fixing the cells were treated with the ORO for 10 min before observed under microscope. The lipid droplets were colored in red and indicated lipid accumulation induced by oleic acid in HepG2 cells.
Antioxidant Activity
Phorbol myristate acetate (PMA) induces the activity of NADPH oxidase and the production of free radicals in human neutrophils [33] . The production of free radicals [34] was quantified by measuring the luminescence induced by luminol with Walac 1420 plate reader. PLB985 cells were re-suspended in ES buffer containing 10 μg/ml of luminol, 4 U/ml of HRP and leaves extracts (1 -20 µg/µl) to a final volume of 200 µl. Cells were stimulated with 100 nM PMA and reactive oxygen species (ROS) production was measured for 15 to 60 minutes [35] .
Results and Discussion
Phytochemical Screening
As we can see in Table 1 , various secondary metabolites have been highlighted in the leaves of L. taraxacifolia. The phytochemical screening revealed the presence of catechic tannin, flavonoid, mucilage and leucoanthocyanin whereas saponosids, reducing sugar, Alkaloids, Anthraquinones and Quinone derivatives were absent. The presence of flavonoids, tannins is consistent with previous work in Nigeria [13] and Ghana [14] . However, these authors have revealed the presence of saponosids, terpenoid, cardiac glycoside which we did not find in the Benin species. Variability of plant secondary metabolites from one region to another may depend on several factors. Among these, are the climatic and soil conditions (temperature, sun exposure, drought and salinity), storage conditions and the maturity of the plant.
Extraction Yield and Phenolic Compounds Contents (Figure 1)
The extraction yield of the secondary metabolites from L. taraxacifolia leaves by the mixture ethanol-water is "19.851%". The total phenol content is expressed as Gallic Acid Equivalent (GAE); the flavonoids content is expressed in mg of Quercetin Equivalent (QE) per gram of dry matter and the tannin content is expressed as mg Catechin Equivalent (CE) per gram of dry matter. The results show that L. taraxacifolia extracts have a high total phenolic and flavonoids contents but a low tannin content: respectively "32.275 ± 1.11" mg GAE/g of dry matter; "56.959 ± 0.385" mg QE/g of dry matter and "3.212 ± 0.036" mg CE/g of dry matter (Figure 1) .
Phenolic acids can be distinguished by derivatives of benzoic acid and derivatives of cinnamic acid. The gallic acid (benzoic acid) content of edible plants is generally very low, with the exception of certain red fruits, black radish, onions and tea [36] . With its high concentration of gallic acids, L. taraxacifolia is one of the exception.
Flavonoids include severals derivatives: flavonols, flavones, isoflavones, flavanones, flavanols, anthocyanidins. Flavonols are the most ubiquitous flavonoids in foods and the main representatives are quercetin and kaempfero. The high dose of quercetin in L. taraxacifolia leaves can be explained by the fact that flavonols accumulate in the outer and aerial tissues of plants (skin and leaves) because their biosynthesis is stimulated by light [36] .
The Cytotoxicity of Ethanol-Aqueous Extracts of L. taraxacifolia Leaves (Figure 2)
The MTS test is used to assess cell viability. The enzymes involved in cellular redox activity of NADPH are able to reduce MTS to formazan, and then reflect cell viability. The reduction of MTS depends on the cellular metabolic activity and the flow of NADPH. The cells that divide rapidly have a high metabolism and greatly reduce the MTS [37] [38] . The fluorescence emitted at 490 nm by the formazan then reflects cell viability. The concentrations of L. taraxacifolia leaves extracts from "1 μg/μl" to "10 µg/µl" had no effect on cell viability; the concentrations from "10 μg/μl" to "20 μg/μl" decreased cell viability from 100% to 84% and the concentrations from "20 μg/μl" to "50 μg/μl" caused the fall of 50% of the cell viability. We could deduce that blood concentrations from "1 to 10 μg/μl" of L. taraxacifolia leaves extracts are tolerable and totally non-toxic for cells. The Concentrations of extracts above "20 μg/μl" gradually decrease cell viability indicating that high concentrations of extracts may be toxic. Daily consumption of polyphenols depends on the consumption of fruits, vegetables, tea, onions, red wine and coffee. It cans reach 1 g per day in people who eat lots of fruits and vegetables or coffee [38] - [40] . Very few studies have linked the plasma concentration of polyphenols with consumption. Most polyphenols are present in food in the form of esters, glycosides or polymers that cannot be absorbed in their native form. These substances must be hydrolyzed by intestinal enzymes or by colonic microflora before they can be absorbed. The efficiency of absorption is often reduced in this case [36] . The administration of polyphenols in the form of a water-alcohol solution allow to achieve much higher plasma concentration (up to 5 μmol/L) than when polyphenols are ingested with foods such as onions, apples ("0.3 -0.75" µmol/L) [36] [41] . The dosage of L. taraxacifolia leaves extracts especially in the context of the use as a drug is therefore very important. When The concentrations from 1 to 10 μg/μl of extracts had no effect on cell viability. By cons from 20 μg/μl of extracts, a slight decrease in cell viability was observed. The dose of 50 µg/µl was toxic because there was 50% decrease in cell viability.
radiolabeled polyphenols are given to rats, radioactivity is recovered in blood and in several tissues including brain, endothelial cells, heat, kidney, uterus, mammary gland at the concentrations ranged from 30 ng to 3 μg/g of tissue depending on the dose administered and the tissue considered [42] [43] . The endothelium is one of the primary sites of flavonoids action [44] . The concentration of polyphenols could be higher in tissues than in blood [45] this shows that plasma concentrations are not directly correlated with concentrations in target tissues and could demonstrate that plasma concentrations are not accurate biomarkers of polyphenols exposure. (Figure 3 and Figure 4) The antioxidant activity of ethanol-aqueous L. taraxacifolia leaves extracts is demonstrated by measuring the production of free radicals by the PLB985 cells in the presence of 100 nM PMA alone or "100 nM" PMA with different concentrations of extracts. It's known that PMA induces the activity of NADPH oxidase in human neutrophils [33] . "100 nM" of PMA induced a strong production of ROS by PLB985 cells but at the presence of extracts concentrations ranging from "1 μg/μl" to "20 μg/μl", there is no production of ROS (Figure 3) . The experiment was repeated with lower concentrations of extracts ("0.05 -0.5 μg/μl"). Under these conditions ROS production induced by "100 nM" PMA decreased and slowed considerably depending on the dose and was zero in the presence of "0.5 µg/µl" extracts (Figure 4) . The results obtained with the lower doses of extracts have confirmed the result obtained with the higher doses. From "0.5 mg/ml" of extracts, ROS production induced by "100 nM" PMA in cells PLB985 was totally canceled. At lower concentrations, the sustained ROS production by the phagocytes appears to overcome the antioxidant capacity towards the end of the measurement These results are very interesting and show that L. taraxacifolia leaves extracts may have significant antioxidant effects.
Antioxidant Activity of Ethanol-Aqueous Extracts of L. taraxacifolia Leaves
In response to growth factors and cytokines, and during normal metabolic events such as respiration and phagocytosis, eukaryotic cells produce oxidants. To compensate for this, the cells have evolved both enzymatic and nonenzymatic mechanisms to protect against oxidants' toxic effects. The enzymatic mechanisms include the actions of enzymes such as catalase and glutathione peroxidase. The non-enzymatic antioxidants include glutathione, ascorbate. However, in pathophysiologic circumstances, an excess of oxidants can overwhelm the scavenging capacity of cellular antioxidant systems. The subsequent oxidative stress damages the cell's lipids, membranes, Figure 3 . Phagocytes PLB985 stimulated with PMA in the absence or presence of L. taraxacifolia leaves extracts. In the absence of extracts, PMA 100 nM (positive control) induced a strong production of reactive oxygen species (ROS) upon addition to PLB985 phagocytes; 25 minutes after the addition the maximum production was observed before the decrease from 30 minutes to 50 mn. In the presence of extracts (1 -20 μg/μl) no production of ROS was observed with PMA 100 nM. The curves superimposed with the negative control. proteins, and DNA [7] . The majority of cardiovascular disease results from complications of atherosclerosis. An important initiating event for atherosclerosis may well be the transport of oxidized low-density lipoprotein (Ox-LDL) across the endothelium into the artery wall [46] . Moreover, in the recent past, the role of the Angiotensin (AT1) receptor in regulating hypertension has been the subject of intense investigation in both in vitro and animal models. Angiotensin modulates hypertension through its effect on the renin-angiotensin system, and the stimulation of AT1 receptors in the vascular wall leads to activation of NADH/NAD(P)H oxidase in vascular cells. The resultant oxidative stress is considered a unifying mechanism for hypertension and atherosclerosis [47] [48]. The role of oxydative stress associated with hyperlipidemia and hyperglycemia in the complication of diabetes is also elucidated [6] . The results we have obtained with the phytochemical screening of L. taraxacifolia leaves extracts (see Figure 1) demonstrated the presence of a high proportion of polyphenols compounds and are consistent with previous works [13] [14] that showed the presence of flavonoid, tannin, ascorbic acids in L. taraxacifolia leaves extracts. The antioxidant property of polyphenols is well known, the hydrophobicity of polyphenols is intermediate between that of vitamin C (high hydrophilic) and that of vitamin E (high hydrophobic). Polyphenols are thus expected to be involved in oxidation regeneration pathway with vitamin C and E [36] . Glucuronidation, and sulfatation reduce the antioxidant capacity of polyphenols, catechin and quercetin protected more efficiently LDL from in vitro oxidation than the conjugated derivatives of the polyphenols [49] [50] . Plasma metabolites of catechin inhibited monocytes adhesion to interleukin β stimulated human aortic endothelial cells [51] ; quercetin 3-O-glucuronide prevented vascular smooth muscle cell hypertrophy induced by angiotensin II [52] . Polyphenols could thus prevent from cardiovascular diseases, cancer or diabetes. The medicinal properties (anti-inflammatory, hepato-protective, hypotensive and hypoglycemic) attributed to L. taraxacifolia could be due to the high proportion of polyphenols contained in the plant leaves.
The Hypolipidemic Activity of L. taraxacifolia Leaves Extracts (Figure 5)
The hypolipidemic activity of L. taraxacifolia leaves extract was investigated by measuring it effect on lipid accumulation induced by oleic acid in HepG2 cells. "1 mM" of oleic acid induced lipid accumulation (steatosis) in HepG2 cells [53] . The lipid accumulation was quantified by the "Oil Red O" which is a liposoluble lysochrome which stains in contact with lipids [31] . In this work we induced lipids accumulation in HepG2 cells in the presence or absence of L. taraxacifolia leaves extracts. Our results have shown that oleic acid 1 mM induced lipid accumulation in HepG2 cells which were not treated with extracts ( Figure 5(a) ). But when the cells were treated with "20 μg/μl" of extracts, "1 mM" of oleic acid did not induce lipid accumulation in HepG2 cells (Figure 5(b) ). L. taraxacifolia leaves extracts could inhibit lipid accumulation induced by oleic acid in HepG2 cells. The recent works demonstrated that Oleic acid induced steatosis significantly increased TNF-α production and secretion in HepG2 cells [32] . TNFα stimulates ROS generation and induces lipid peroxidation [54] . Oleic acid induced steatosis would also be associated with a significantly decrease of superoxide dismutase (SOD-1), a free radical scavenger enzyme that protects against cellular membrane injury mediated by lipid peroxidation [32] . Considering these results we could suggest that L. taraxacifolia leaves extracts inhibited lipid accumulation in HepG2 cells via the antioxydant activities of the polyphenols present in the plant leaves. L. taraxacifolia leaves extracts could then prevent from non-alcoholic fatty liver disease (NAFLD).
Conclusion
Our results showed that the ethanol-aqueous extracts of L. taraxacifolia leaves were toxic only at very high concentrations. These leaves can be consumed both in food and as an infusion without risk of toxicity. However as a bioactive substance the dosage must be controlled since the very high doses are toxic. The phytochemical characterization we achieved showed that the leaves extracts contained a high proportion of polyphenols which may account for the reported medicinal properties of the plant. L. taraxacifolia leaves extracts could help to prevent or fight against non-communicable diseases such as cardiovascular diseases, diabetes and cancer. We therefore recommend the domestication of this plant in Benin since it can be used as a health food.
